The importance of reliable engine diagnosis cannot be over emphasized as large revenues are lost due to unplanned shut downs or unnecessary scheduled maintenances. An accurate simulation model must be set up in order to minimize the errors in performance predictions and diagnostics analysis.
INTRODUCTION
During the past several decades, tremendous effort has been made to make the engine performance simulation more efficient and accurate using thermodynamic computer software [3, 4] as the application of such software can significantly reduce operating and maintenance costs.
The objective and focus of the present paper is to have a compressor performance simulation model matching the actual site data and a model that can be reliably used for performance predictions and diagnostics.
Correct diagnostics on a compressor or gas turbine depend on accurate engine performance model. An accurate engine model may be produced by selecting a best set of design point parameters and the next step is to adapt the model to satisfy engine off design performance by creating new engine component maps. Relevant techniques have been published by Li et al [1] and others. The difference between the actual compressor map and the default compressor map may be so large that the off design performance prediction error may become unacceptable for gas path diagnostics.
To reduce the off design performance prediction errors the speed lines on the manufacturer's compressor maps need to be adapted or relocated by using observed off design performance measurements. The manufacturer supplied curves are based on certain inlet/outlet parameters which may change during operation and hence the need for adaptation. In this study the measurable parameters were inlet and outlet temperatures and pressures, compressor inlet flow rates and compressor RPM. The proceeding works describes the test and compressor data as supplied by OEM (Originally Engineered by Manufacturer) followed by setting the basic theory and method of adaptation. This section is then followed by the detailed application of the proposed adaptation theory, results and conclusions.
COMPRESSOR AND TEST DATA

Test Data
Three operating Base Cases of Site Compressor data were studied. Refer to Table 1 where the parameters at inlet and outlet of the compressor and the RPM for each base case is shown.
Compressor Manufacturer Data
The available range of predicted performance curves supplied by manufacturer were studied and the closest sets of these data to the site compressor inlet conditions were chosen to be adapted. Figure 1 and Figure 2 show the chosen performance curves as supplied by the manufacturer. The summary of rated and site performance data used for adaptation is shown in Table 2 .
THEORY AND METHOD OF ADAPTATION
To obtain accurate simulation model, the following steps are applied: MP Proceedings of the 13 th Int. AMME Conference, 27-29 May, 2008 (1) Start from a supplier performance map (for a fleet compressors) (2) Adapt the map in order to match available test data (3) Apply HYSYS to assess simulation accuracy improvement Figure 3 shows the default map and the adapted map generated from step (1) and step (2) above. Figure 4 illustrates three curves for one of the base cases: the performance curve as supplied by the manufacturer, the corrected curve for site RPM based on supplier curve and the curve generated by HYSYS for exact performance match between site and simulated compressor. Chart 1 demonstrates the flow diagram developed for performance adaptation.
The compressor performance can be accurately modeled and predicted by HYSYS simulation programme. HYSYS is a versatile and adaptable steady state and transient state simulation programme owned by Aspentech Technology where a variety of process and rotating equipment such as compressor can be modeled. In HYSYS two modes of curves can be input for performance evaluation: Single Curve and Multiple Curves.
For single curve, the following combinations of input will allow the operation to completely solve assuming the feed composition and temperature are known:
• If multiple curves have been installed and an operating speed is specified on the Parameters page (this is a page where the Head-Flow-Efficiency values are entered), then only the curve with the corresponding speed will be used. One can specify a speed that is different than the speed values given for the curves. For example, if curves are provided for two speeds, say 7000 rpm and 8000 rpm, and a speed of 7400 rpm is specified, HYSYS will interpolate between the curves to obtain the and the component properties are calculated at that point. You must also provide an inlet pressure and one of flow rate, duty, outlet pressure or efficiency as explained above.
HYSYS can calculate the appropriate speed based on the input. In this case, one need to provide the feed composition, pressure and temperature as well as two of the following four variables:
Once the necessary information is provided, the appropriate speed will be determined and the other two variables will then be calculated.
In the current works presented in this paper multiple curves were available from OEM for a variety of compressor inlet conditions and gas properties. These are numerically presented in Table 3 and graphically shown in Figures 1 and 2 .
CASE STUDY -APPLICATION OF ADAPTATION
The Polytropic head for a compressor can be shown to be given by [5] :
. (1) where, H p = Polytropic Head, kJ/kg Z avg = Gas Average Compressibility (alternatively Z inlet could be used if the OEM has based his performance calculations at inlet conditions) MW = Inlet gas molecular weight, kg/kmol
From equation (1), H p varies linearly with T in and Z avg and it varies inversely with MW. Further, Fan laws apply well for small changes in N (the RPM of compressor) such that H p varies nonlinearly with N 2 . By comparison between k values supplied by OEM and site, the differences are diminishingly small to have any effect on H p values in line with ASME PTC10 where variations up to +/-4% can be tolerated due to inaccuracy of measuring devices and design tolerance. Hence, it follows that for the purpose of adaptation, equation (1) could be modified as:
where subscripts "Site" denotes the parameters at site and "OEM" denotes the parameters as supplied by the compressor manufacturer.
The actual inlet volume flow is the best mean for plotting compressor performance curves as the impeller and therefore the compressor is sensitive only to actual volume throughput. The OEM supplied data were also based on actual volume throughput as shown in Figures 1 & 2. For each of the 3 Site Base Cases, equation (2) is used to obtain the expected performance of the site compressor based on the supplier performance data. HYSYS is then innovatively applied to get the exact match between site performance data and the compressor simulation model. The corresponding polytropic head and polytropic efficiency for exact matching is extracted from HYSYS and recorded. These values are compared with the expected performance obtained earlier and the ratio gives the scaling factor required for modifying the expected performance curve obtained earlier by equation (2) . This factor gives exact match for the site flow condition. The resultant performance curves thus become the real performance curves specific to the compressor under observation and these will be used for GPA and diagnostic purposes. Table 4 demonstrates a sample for exact performance matching for site Base Case 1 Using HYSYS.
RESULTS
Dependency of Expected Performance Generation on Input Data
The new default performance maps were generated using a wide range of compressor inlet condition supplied by the manufacturer. In each case it was found the generated curves described in the preceding section hardly changed; the average difference was 0.46% for the RPM of 99.6% with a variance of 0.48 and -0.8% with a variance of -0.32 for the RPM of 90%. Refer to Figure 5 to demonstrate this result.
Site Compressor Performance Curves
Figures 6 and 7 show the derived site compressor real performance curves for Polytropic Head and Polytropic Efficiency by Adaptation using HYSYS for the 3 base cases of 99.6%, 93% and 90% RPMs. Under site conditions the curves provide exact solution. Table 5 lists a comparison of parameters between the Expected and Site Performance and the errors between values before the adaptation and site measured values. Table 6 demonstrates the comparison of parameters between Measured and Site Performance Before and After Adaptation Using HYSYS. The latter table shows how the Objective Function [1, 3] or errors are reduced to minimum possible values. To expand the application of the proposed method for any compressor inlet temperature and pressure, Table 7 is derived from HYSYS to calculate the compressor non-dimensional flow (CNDF) [2] and Figure 8 shows the Pressure Ratio versus CNDF for further diagnostic purposes.
CONCLUSIONS
• The default performance maps for performance predictions given by manufacturer are generic and may apply to a fleet of compressors within the same category, i.e., the supplied data is not specific to the site compressor • The corrected default maps show dependence on RPM and strong independence from the variation in inlet gas conditions assumed by the manufacturer. It is deduced that the corrected default maps are not inlet case dependant and even a limited supply of manufacturer supplied performance curves will suffice the objective of default map correction • HYSYS is innovatively applied for performance matching and it has the ability to reduce the Objective Function down to its minimum value
• The adaptation approach in this study are valid and applicable for most situations. For a given RPM, only the extremely small or extremely large flow may not be applicable since in these regions the efficiencies drops very rapidly and erratically.
• The performance curves specific to the site compressor and non-dimensional flows have been generated in this work and may be used in future diagnostics • The advantage of proposed method of adaptation is its exact solution with minimum objective function.
• The presented works and results may be used a basis for developing the dimensionless or quasi-dimensionless parameter groups rigorously defining and predicting the engine performance 
